**Core tips:** Glaucoma is an irreversible optic neuropathy with the loss of visual field and decrease of vision. The early screening and diagnosis of glaucoma are currently experiencing a demand for anterior segment analysis tools that can gather more information with one short measurement. In this study, we compared the agreement, difference, and correlation of anterior chamber angle parameters such as angel opening distance at 500 μm and trabeculo-iris space area at 500 μm^2^ measured by anterior segment optical coherence tomography and ultrasound biomicroscopy.

INTRODUCTION
============

Glaucoma is an irreversible optic neuropathy with the loss of visual field and decrease of vision. There are no obvious clinical manifestations in the early stage of glaucoma; typical visual field defects or progressive loss of visual acuity and other symptoms may appear in the moderate or severe phase of glaucoma\[[@B1],[@B2]\]. Approximately 80% of aqueous humor flows out through the anterior chamber angle, when aqueous humor outflow obstruction is caused by abnormality of anterior chamber angle structure or function, and compensatory imbalance of aqueous humor leads to increased intraocular pressure.

At present, gonioscopy, anterior segment optical coherence tomography (AS-OCT), and ultrasound biomicroscopy (UBM) are commonly used to evaluate anterior chamber angle\[[@B3]-[@B5]\]. AS-OCT and other non-contact imaging modalities provide a quick, user-friendly, and objective non-invasive method of assessing the anterior segment parameters and anterior chamber angle, are well tolerated by the patient, and correlate well with the information provided by gonioscopy\[[@B6],[@B7]\].

In this study, we evaluated the agreement, difference, and correlation of chamber angle parameters such as angel opening distance at 500 μm (AOD500) and trabeculo-iris space area at 500 μm^2^ (TISA500) measured by AS-OCT and UBM.

MATERIALS AND METHODS
=====================

Study subjects
--------------

Forty-five subjects (15 males and 30 females; age range, 50--80 years) without glaucoma who visited the Fourth Affiliated Hospital of China Medical University from October 2015 to August 2016 were selected. All subjects underwent routine ophthalmological examinations (including visual acuity, intraocular pressure, integrated optometry, slit lamp examination, and fundus examination) and AS-OCT and UBM. None of the subjects had an intraocular surgery or laser procedure, and none of the subjects had evidence of glaucoma, dry eye disease, ocular inflammatory activity, or other ocular diseases.

This study was approved by the Fourth Affiliated Hospital of China Medical University Committee on Human Research. The registry's URL is [www.](www.)[medresman.org](medresman.org) and the registration number is ChiCTR1900021378. All study procedures adhered to the Declaration of Helsinki for research involving human participants. All participants provided informed consent after explanation of possible consequences of the study to them.

AOD500 and TISA500 evaluation procedures
----------------------------------------

The patients were examined in the order of AS-OCT (sitting position) and UBM (supine position). The interval of examinations was about 5 min; all the examinations with the same instrument were performed three times in the same brightness environment and by the same operator. The average values of AOD500 and TISA500 of four quadrants for each eye were recorded.

Statistical analysis
--------------------

All descriptive analyses, difference analyses, and correlation analyses were performed with SPSS version 19.0, and agreement analysis was performed with MedCalc version 15.0. All descriptive results are expressed as the mean ± SD. The differences in the two instruments were analyzed by paired *t*-test if the data were in accordance with the normal distribution and the variance was homogeneous; otherwise, nonparametric tests were used. Correlations and agreements between the instruments were performed by Pearson correlation analysis and Bland--Altman analysis. *P* \< 0.05 was considered statistically significant.

RESULTS
=======

A total of 15 male subjects (24 eyes) and 30 female subjects (48 eyes) were examined by UBM and AS-OCT for anterior chamber angles parameters (AOD500 and TISA500), with a mean age of 59.47 ± 14.481 years.

AOD500 and TISA500 measured by AS-OCT and UBM
---------------------------------------------

AOD500 at 90° (12 o'clock position) was 0.2453 ± 0.2566 mm by AS-OCT and 0.1642 ± 0.1502 mm by UBM. AOD500 at 0° (3 o'clock position) was 0.2493 ± 0.2065 mm by AS-OCT and 0.2090 ± 0.1344 mm by UBM. AOD500 at 270° (6 o'clock position) was 0.2828 ± 0.2587 mm by AS-OCT and 0.1914 ± 0.1410 mm by UBM. AOD500 at 180° (9 o'clock position) was 0.2661 ± 0.2300 mm by AS-OCT and 0.2194 ± 0.1523 mm by UBM.

TISA500 at 90° (12 o'clock position) was 0.0912 ± 0.0884 mm by AS-OCT and 0.0749 ± 0.0630 mm by UBM. TISA500 at 0° (3 o'clock position) was 0.0997 ± 0.0716 mm by AS-OCT and 0.0982 ± 0.0676 mm by UBM. TISA500 at 270° (6 o'clock position) was 0.1066 ± 0.0941 mm by AS-OCT and 0.0842 ± 0.0625 mm by UBM. TISA500 at 180° (9 o'clock position) was 0.1071 ± 0.0773 mm by AS-OCT and 0.1004 ± 0.0765 mm by UBM.

For AOD500 and TISA500 of the four quadrants of the chamber angles, measurements by AS-OCT were greater than those by UBM. AOD500 measured by AS-OCT from wide to narrow were 6 o'clock, 9 o'clock, 3 o'clock, and 12 o'clock positions. AOD500 measured by UBM from big to small were 9 o'clock, 3 o'clock, 6 o'clock, and 12 o'clock positions. TISA500 measurements by AS-OCT from wide to narrow were 9 o'clock, 6 o'clock, 3 o'clock, and 12 o'clock positions. TISA500 measurements by UBM from big to small were 9 o'clock, 3 o'clock, 6 o'clock, and 12 o'clock positions.

Differences in AOD500 and TISA500 measured by AS-OCT and UBM
------------------------------------------------------------

The measurements of AOD500 and TISA500 using the two methods were not normally distributed, and the homogeneity of variance (Mann--Whitney test) and the differences in them were compared using nonparametric tests. There was no significant differences between the two methods in measuring AOD500 of the four quadrants of the chamber angles (*P*1 = 0.110, *P*2 = 0.633, *P*3 = 0.078, and *P*4 = 0.474). There was no significant differences between the two methods in measuring TISA500 of the four quadrants of the chamber angles (*P*1 = 0.584, *P*2 = 0.889, *P*3 = 0.297, and *P*4 = 0.550). Comparing the AOD500 and TISA500 measured by AS-OCT and UBM, the results were not significantly different (*P* \> 0.05).

Correlations of AOD500 and TISA500 measured by the two methods
--------------------------------------------------------------

The AOD500 measurements by AS-OCT and UBM at 90° (*r* = 0.562, *P* \< 0.001), 0° (*r* = 0.671, *P* \< 0.001), 270° (*r* = 0.635, *P* \< 0.001), and 180° (*r* = 0.720, *P* \< 0.001) were highly correlated (Figure [1](#F1){ref-type="fig"}).

![Correlation diagrams of angel opening distance at 500 μm measured by the two instruments of the four quadrants of the chamber angles. The X axis represents ultrasound biomicroscopy. The Y axis represents anterior segment optical coherence tomography. A: At 90 °; B: At 0 °; C: At 270 °; D: At 180 °.](WJCC-8-3249-g001){#F1}

The TISA500 measurements by AS-OCT and UBM at 90° (*r* = 0.466, *P* \< 0.001), 0° (*r* = 0.652, *P* \< 0.001), 270° (*r* = 0.507, *P* \< 0.001), and 180° (*r* = 0.545, *P* \< 0.001) were highly correlated (Figure [2](#F2){ref-type="fig"}).

![Correlation diagrams of trabeculo-iris space area at 500 μm^2^ measured by the two instruments of the four quadrants of the chamber angles. The X axis represents ultrasound biomicroscopy. The Y axis represents anterior segment optical coherence tomography. A: At 90 °; B: At 0 °; C: At 270 °; D: At 180 °.](WJCC-8-3249-g002){#F2}

Agreements of AOD500 and TISA500 measured by the two methods
------------------------------------------------------------

Agreement of the AOD500 measurements by the two methods was analyzed by Bland--Altman diagram at the four quadrants of the anterior chamber angles (Figure [3](#F3){ref-type="fig"}). At 90°, four (2.78%) of 144 points were outside the confidence interval. At 0°, four of 144 points were outside the confidence interval. At 270°, three (2.08%) of 144 points were outside the confidence interval. At 180 °, four of 144 points were outside the confidence interval. The Bland--Altman diagram of AOD500 measurements at any quadrants of the chamber angles showed that \> 95% of the data points were in the 95% agreement interval and the confidence interval was relatively narrow, with no significant difference, and could be clinically accepted. Bland--Altman diagram analysis showed that the results of AOD500 measurements at four quadrants of the chamber angles measured by the two methods were in good agreement.

![Bland-Altman charts of angel opening distance at 500 μm at four quadrants of the chamber angles measured by the two devices. The X axis represents anterior segment optical coherence tomography. The Y axis represents ultrasound biomicroscopy. A: At 90 °; B: At 0 °; C: At 270 °; D: At 180 °.](WJCC-8-3249-g003){#F3}

Agreements of the TISA500 measurements by the two methods were analyzed by Bland--Altman diagram at the four quadrants of the anterior chamber angles (Figure [4](#F4){ref-type="fig"}). At 90°, four (2.78%) of 144 points were outside the confidence interval. At 0°, five (3.47%) of 144 points were outside the confidence interval. At 270°, three (2.08%) of 144 points were outside the confidence interval. At 180°, five (3.47%) of 144 points were outside the confidence interval. The Bland--Altman diagram of TISA500 measurements at any quadrants of the chamber angles showed that \> 95% of the data points were in the 95% agreement interval and the confidence interval was relatively narrow, with no significant difference, and could be clinically accepted. Bland--Altman diagram analysis showed that the results of TISA500 measurements at four quadrants of the chamber angles measured by the two methods were in good agreement.

![Bland-Altman charts of trabeculo-iris space area at 500 μm^2^ at four quadrants of the chamber angles measured by the two devices. The X axis represents anterior segment optical coherence tomography. The Y axis represents ultrasound biomicroscopy. A: At 90 °; B: At 0 °; C: At 270 °; D: At 180 °.](WJCC-8-3249-g004){#F4}

DISCUSSION
==========

Microstructures of the anterior chamber angle (such as iris root, scleral protrusion, and trabecular meshwork) can be observed to estimate the degree of opening of the anterior chamber angle, and its structure and function can be estimated by gonioscopy\[[@B8],[@B9]\]. Observation of a scleral spur suggests complete exposure of the functional trabecular meshwork, and this is a marker in imaging examination and the first step in observation\[[@B10]\]. AOD500 and TISA500 measurements are affected by body position, eye position, whether there is contact or pressure on the eye during measurement, and whether front and rear boundary measurements are accurate\[[@B11],[@B12]\]. Under the influence of gravity, the cornea can be compressed by the upper eyelid, and the normal anterior chamber angle shows that the top position is narrowest and the bottom position is widest, followed by nasal and temporal position\[[@B13]\].

At present, objective methods of visualizing anterior chamber angle are UBM and AS-OCT. AOD500 and TISA500 measurements by AS-OCT were, respectively, 0.2453 ± 0.2566 mm and 0.0912 ± 0.0884 mm at 90°, 0.2828 ± 0.2587 mm and 0.1066 ± 0.0941 mm at 270°, 0.2493 ± 0.2065 mm and 0.2661 ± 0.2300 mm at 0°, and 0.0997 ± 0.0716 mm and 0.1071 ± 0.0773 mm at 180°. AS-OCT is a non-contact examination with the subject in the sitting position, and it is not affected by body and eye positions\[[@B14]\]. In AOD500 and TISA500 measurements, the top position angle is narrowest and coincides with the physiological state. In AOD500 measurements, the bottom position angle is widest and coincides with the physiological state. In TISA500 measurements, related to the measurement error, the 270° angle is widest but not much different from the bottom position angle. There are many reasons for the measurement error. The eyeball may be completely exposed while measuring, which can exert pressure on the eyeball, thus affecting the accuracy of measurement. The measurements are automatically identified by computer, resulting in inaccuracy of the positioning boundaries.

AOD500 and TISA500 measurements by UBM were, respectively, 0.1642 ± 0.1502 mm and 0.0749 ± 0.0630 mm at 90° position, 0.1914 ± 0.1410 mm and 0.0842 ± 0.0625 mm at 270°, 0.2090 ± 0.1344 mm and 0.2194 ± 0.1523 mm at 0°, and 0.0982 ± 0.0676 mm and 0.1004 ± 0.0765 mm at 180°. In AOD500 and TISA500 measurements, the top position angle is narrowest, the 180° position angle is widest, and the 0° position takes second place. Considering that UBM is performed with the patient in the supine position, change of barycenter leads to redistribution of aqueous humor; the width of the horizontal anterior chamber angle increases, and the width of the lower anterior chamber angle decreases. When measuring in one direction, the patient's eyeball rotates and eye position changes in that direction, which can cause measurement error. It is a contact examination and has a greater possibility of eye compression, both of which can affect the measurement results. Moreover, UBM resolution is lower, and manual measurement can introduce human error.

Comparing the degree of openness of the anterior chamber angle can determine opening and closing and degree of stenosis of the anterior chamber angle. Moreover, it can be used to compare preoperative and postoperative chamber angle changes\[[@B15]-[@B17]\]. By comparing the AOD500 and TISA500 measurements *via* UBM and AS-OCT, we conclude that the agreement and correlation are excellent, and there is no significant difference between them, proving that they are interchangeable. Previous studies also support this viewpoint\[[@B1],[@B18]-[@B21]\]. Compared with UBM, AS-OCT has better repeatability, noninvasiveness, rapidity, high resolution, and automatic analysis. These features can avoid measurement errors caused by eye compression, eyeball rotation, and body position change, making anterior chamber angle parameters more coincident with those under physiological conditions. AS-OCT can also avoid human measurement error, making the data in good repeatability. As a non-contact device, with short measure time, fast and clear imaging, and easily follow-up, AS-OCT can be widely used in glaucoma screening, open eye injury, and other diseases. However, UBM can be used to diagnose ciliary body detachment, ciliary body tumor, peripheral retinal detachment, and other diseases, while AS-OCT cannot.

The effect of intragroup differences on the results was considered. Age, sex, and laterality of the eye were not distinguished. The measurements were not classified based on the width of anterior chamber angle and status of diseases. There were only 72 eyes, and the data did not satisfy a normal distribution. The influence of the above factors on the measurement results should be investigated further using a larger study sample size.

In conclusion, there is a good correlation and agreement between AOD500 and TISA500 measurements by AS-OCT and UBM. The two methods are interchangable for measurement of the anterior segment angle and cannot be completely replaced by each other. AS-OCT can be used as the first choice for early glaucoma screening, and can be used for follow-up of glaucoma surgery.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Glaucoma is an irreversible optic neuropathy with the loss of visual field and decrease of vision. A quick, user-friendly, and non-invasive method of assessing the anterior segment parameters is essential for early screening and diagnosis of glaucoma.

Research motivation
-------------------

The main topic is to compare the difference between anterior chamber angle parameters measured by different methods.

Research objectives
-------------------

To investigate the agreement, difference, and correlation of chamber angle parameters such as angel opening distance at 500 μm (AOD500) and trabeculo-iris space area at 500 μm^2^ (TISA500) measured by anterior segment optical coherence tomography (AS-OCT) and ultrasound biomicroscopy (UBM) in normal subjects.

Research methods
----------------

Both AS-OCT and UBM were performed to measure AOD500 and TISA500 in 45 subjects (72 eyes). All subjects without glaucoma were collected from October 2015 to August 2016 at the Ophthalmology Department of the Fourth Affiliated Hospital of China Medical University. Data of the two groups (AOD500 and TISA500) were compared by nonparametric tests. Pearson correlative analysis and Bland--Altman analysis were used to compare the correlation and agreement.

Research results
----------------

There were no significant differences between AS-OCT and UBM in measuring AOD500 and TISA500 of the four quadrants of the anterior chamber angle. There was a high correlation in measuring AOD500 and TISA500. There was a good agreement in measuring AOD500 and TISA500.

Research conclusions
--------------------

There is a high correlation and agreement between AOD500 and TISA500 measurements by AS-OCT and UBM. They are interchangeable under some circumstances. AS-OCT proves to be a better early screening tool for glaucoma.

Research perspectives
---------------------

AS-OCT and UBM are interchangable for AOD500 and TISA500 measurements and cannot be completely replaced by each other. AS-OCT can be used as the first choice for early glaucoma screening, especially for primary open-angle glaucoma patients.
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